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Abstract: There are organizations for re-homing animals that are also specialized 
in re-homing dogs and cats who have been research subjects. Why can’t we do 
this for more animals and especially for the rats that are used extensively in 
research and they are not intended to be pets as they are not as common as 
pets? Even though previous research highlights neonatal handling as an 
essential process for rearing less stressed and emotionally sensitive adult rats, 
there is very little information about a specific neonatal handling schedule that 
could be a crucial factor in promoting their welfare and adoption as pets. The 
aim of this study is to propose a standardized handling schedule assessment 
based on implementation of a neonatal handling procedure that mimics 
maternal behavior, in order to have a positive effect on the rats’ welfare, 
decreasing their stress responsiveness towards humans and promoting their 
adoption as pets. DA rats (DA/OlaHsd) were handled during postnatal days 1 
(D1) to 21 (D21) (experimental group, n=15) using a handling schedule that 
imitates rat maternal behavior or received only gold standard neonatal handling 
(control group, n=14). On D22, blinded researchers evaluated the behaviour of 
both groups according to their responses to handling. Blinding was used, as to 
try to eliminate biased results, as to examine the rats' behavior against strangers 
which is a crucial factor for their suitability as pets. The data were collected 
through a customized assessment form. The statistical analysis of both groups’ 
cumulative responses showed that the experimental group had less stressful 
responses compared to the control group (Mann-Whitney (U) test: U= 13; P < 
0.01). This neonatal handling schedule may improve rat welfare during their life 
in the lab. Also, it could be a method that assists laboratory rats to be adopted as 
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• The early life experiences related to maternal care play a catalytic role in later 
mental and physical health.
• Maternal separation and neonatal handling is a well-characterized model of 
early life stress and of neuroplasticity in rodents 
Chaniotanis, Diamantakos, Rizou, Moltsanidou, kotopoulis, 
Thavarajah, Polissidis, & Kostomitsopoulos
Pet Behaviour Science
• There is very little information about a specific neonatal handling schedule 
that could be a crucial factor in promoting laboratory rats’ welfare and adoption 
as pets after their life in the lab.










The husbandry procedures and the handling practice effect on stress and on 
behaviour in rats. It has been demonstrated that even minimal handling is 
stressful for laboratory rats. Handling for simple tasks such as cage cleaning 
may cause changes in behavioral, endocrine, and neural parameters relating to 
emotional and stress responses in young and aged rats (Huot et al. 2002). From 
that aspect, repeatedly handling rats prior to a behavioural experiment is a 
routine practice in order to decrease the physiological and behavioural stress 
response (Rees and Fleming 2001).
In animals - similarly to the parental care in humans - early life experiences 
related to maternal care play a catalytic role in later mental and physical health 
(Hughes 2004). Maternal separation and neonatal handling is a well-
characterized model of early life stress and of neuroplasticity in rodents (Vallée 
1997). Maternal separation increases rates of anxiety, impairs maternal care and 
diminishes spatial navigation learning (Moscarello, Justin and Joseph 2013). By 
contrast, neonatal handling generally alters these behaviours in directions 
opposite to those reported in maternally separated rodents (Theeuwes 2013). 
Laboratory rat pups are extremely sensitive to rearing conditions. A large 
amount of literature has shown that the adult behavioural, neurobiological, 
immunological and neuroendocrine reactivity is affected by the quality of 
nursing, neonatal handling, maternal separation, environmental enrichment and 
social isolation (Squire and Dede 2015). Neonatal handling and mildly stressful 
stimulation in rodents may positively change their behaviour as they age into 
adults, since they become less susceptible to stress (Daphna and Turk-Browne 
2013). Furthermore, neonatal handling results in having adult rats with 
decreased rates of emotion-related responses such as defecation, freezing, and/
or endocrine responses when exposed to novel stimuli/stressors (Whishaw and 
Kolb 2009). 
The Three Rs principles (Replacement, Reduction and Refinement) originated in 
the scientific community and constitute a widely accepted cornerstone of 
policies in animal-based science around the world (Gomes et al. 2005). 
Refinement refers to methods that minimize the pain, suffering, distress or 
lasting harm that may be experienced by research animals, and which improve 
their welfare. Example of refinement is ‘’training’’ animals to cooperate with 
procedures to minimize any distress. Even though previous research highlights 
neonatal handling as an essential process for rearing less stressed and 
emotionally sensitive adult rats, there is very little information about a specific 
neonatal handling schedule that could be a crucial factor in promoting their 
welfare.
Among the most crucial early life influences is the interaction between the 
primary caregiver and the offspring (Annemoon et al. 1994). From this point of 
view this research necessitates the ‘’training’’ of neonatal rats so as to promote 
their welfare. Moreover, it wants to investigate if a neonatal handling schedule 
based on imitating rat maternal behavioural patterns may have a positive effect 
on the rats’ welfare decreasing their stress responsiveness towards humans and 
allowing their suitability as pets after their life in the lab.
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MATERIAL AND METHODS
Animals
Dark Agouti (DA/OlaHsd) rats were obtained from the animal facility of the 
Centre of Clinical, Experimental Surgery and Translational Research Biomedical 
Research Foundation of the Academy of Athens (BRFAA), Athens, Greece. The 
animals were group housed in cages, placed in a well-ventilated house with 
optimum conditions (temperature 23 ± 1°C; photoperiod 12 h natural light and 
12 h dark; humidity 45-50%) with access to food and water ad libitum. Animal 
experimentation was approved by the Regional Veterinary Service (Ref, Num: 
5521 / October 24, 2018) in accordance with the existing National Law on the 
protection of animals used for scientific purposes, and with the European 
Directive 2010/63. This study was absolutely non-invasive and was based only 
on frequent animal handling and human contact. 
Procedures
The researchers initially interacted with four (n=4) female rats (M1, M2, M3 and 
M4). This interaction (which was based on handling, overhead grip and 
uplifting) started the first day when they were separated from their mother [Day 
21 (D21)]. During the gestation period all rats were interacted with the 
researchers once a week, for 1 hour in total, until they turned 12 weeks old. 
Then, all female rats mated with the same male rat and after 5 days they were 
singly caged (Fernández-Teruel et al. 1997) until they delivered their pups. 
During that period, the researchers continued to interact with the female rats on 
a weekly basis.
The Neonatal Handling Schedule 
Five hours after M1 and M2 had delivered their pups [n=15 (8 females and 7 
males)], the researchers started to interact with/handle them on a daily basis 
(Raineki et al. 2013) for approximately 1 hour in total, until Day 21 (D21). These 
pups belong to the experimental group ‘’Group A’’. The daily handling session 
was carried out in a room different from the animal room, maintaining the 
temperature at 23 ± 1°C. The handling schedule was administered by the same 
two researchers in the morning (approximately between 10:00 and 11:00 a.m.), 
and it consisted of first removing the mother from the litter.  Afterwards, the 
pups were gently and individually handled according to the handling schedule 
demonstrated in Table 1 for a total period of approximately 3 minutes and then 
placed into plastic cages (Colorado et al. 2006). The neonatal handling procedure 
(Table 1; Figure 1) was based on attempting to mimic rat maternal behaviour 
[Escorihuela, Tobeña and Fernández-Teruel 1995; Ladd et al. 2000; Flecknell 
2002). Three minutes later, each pup was individually (and gently) handled and 
stroked for 3–4 seconds and returned to its homecage. When all the pups were 
back in their homecage, the mother was returned too.
The pups [n=14 (6 female and 8 males)] who were delivered by M3 and M4, 
belonged to the control group ‘’Group B’’. The classical neonatal handling 
procedure, as described in previous studies (Fernández-Teruel et al. 1997), 
consists of moving the mother from the home cage to a holding cage, and then 
placing the pups individually into small plastic cages for 3 minutes, without 
applying any handling schedule.  After this period, each pup was individually 
(and gently) handled and stroked for 3–4 seconds and then returned to its 
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Table 1. Comparison of human contact response scores between experimental (Group A, exposed 
to neonatal handling schedule, N=15) and control (Group B, exposed to gold standard neonatal 
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Table 2. Scale used to score each behaviour exhibited during the assessment of the 14 handling 
procedures.
Figure 1. Some neonatal handling procedure. From left to right and top to bottom, n3 holding the 
rat; n.5 restrain; n.6 touching; n.7 moving the tail; n.9 holding in dorsal position; n.10 holding and 
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Experimental Evaluation
On Day 22 (D22) blinded researchers compared the reactions/responses of both 
the experimental and control groups for the same set of 14 neonatal handling 
procedures. This comparison was recorded. A third researcher (blind to the 
study) filled in a customized form with the scores that each pup achieved for 
each one of the 14 handling procedures (Table 2). Blinding was used, as to try to 
eliminate biased results, as to examine the rats' behavior against strangers which 
is a crucial factor for their suitability as pets.
Statistical Analyses
All statistical analyses were performed using IBM© SPSS© Statistics Version 24. 
The significance level was p < 0.05. The cumulative response scores in reaction to 
the handling procedures (1-14) at the age of 22 days were compared between 
experimental (exposed to NH, N=15) and control group rats (no exposure to 
NH, N=14) using a Mann-Whitney (U) test. Subsequently, the response scores 
for each handling procedure were separately compared between experimental 
and control group rats using Mann-Whitney (U) tests.
RESULTS
The cumulative response scores of the experimental group rats were lower than 
the cumulative response scores of the control group rats (Mann-Whitney (U) 
test: U = 13; P < 0.01; Figure 2). The rats which had been exposed to neonatal 
handling in reaction to handling procedures 1 – 14 reacted with lower score 
responses than those of the control group rats without previous exposure (Table 
1). 
The experimental group puppies displayed fewer ambulation and cry in the 
approach handling procedures when compared to the control group rats. 
Figure 2. Cumulative response scores to handling procedures by experimental (exposed to 
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DISCUSSION
Previous studies support the effects of maternal care and how maternal 
separation may modify both neurobiological and behavioral responses in 
rodents. This study tested the hypothesis that neonatal handling which imitates 
rat maternal behaviour could be a crucial factor during the early postnatal 
period of laboratory rats’ welfare, decreasing their stress responsiveness towards 
humans and allowing to be adopted as pets.
Humans and nonhuman animals alike have nondeclarative memory consisting 
of simple associative conditioning, habituation to familiar stimuli, habits and 
skills which are inaccessible to conscious recollection (Tang et al. 2006). In the 
unconscious status of nondeclarative memory arise the habits and preferences 
that are inaccessible to conscious recollection, but nevertheless they are shaped 
by past events, they influence our current behavior and mental life, and they are 
a fundamental part of who we are (Mirescu, Peters, and Gould 2004). Study of 
nondeclarative memory began with motor skills and perceptual skills, but soon 
included additional abilities such as the phenomenon of priming. Priming is 
evident as improved access to items that have been recently presented or 
improved access to associates of those items. In addition, priming improves the 
speed and efficiency with which organisms interact in a familiar environment 
and may influence feature-based attentional processes (Pryce and Feldon 2003). 
Systematic Desensitization appears to be a training technique that is influenced 
by the phenomenon of priming. 
Animals may exhibit, among others, fear behaviours such as freezing (i.e. 
immobility). However, in a task where learned fear necessitates and is based on 
an avoidance response (e.g. escape), freezing behaviour is not efficient. In such a 
case the prefrontal cortex inhibits defense behaviors (e.g. freezing) that are 
mediated by the amygdala, thereby allowing the animal to escape (Huot et al. 
2002). For this reason, the researchers compared the reactions/escape responses 
of both groups A and B for the same set of 14 neonatal handling procedures 
(Table 2).
According to the results of this study it appears that those rats that had received 
handling according to the neonatal handling schedule ‘’Group A’’, were less 
susceptible to stress during handling (Davidson and Mcewen 2012) compared to 
those rats that received the gold standard neonatal handling ‘’Group B’’. It seems 
that neonatal handling schedule beginning on Day 1 (D1) may have significantly 
affected the rats’ behaviour and decreased the rates of emotional related 
responses when exposed to handling procedures (Colorado et al. 2006). Group B 
rats exhibited more intense emotional related responses when exposed to the 
same handling procedures, which were actually novel stimuli/stressors to 
them. 
One reason why rats are used in scientific studies is to study behaviour since 
they have such high levels of emotional intelligence. Recent laboratory studies 
show that rats are highly social animals that depend strongly on conspecific 
cooperative interactions and consequently show elaborate prosocial behaviours. 
Well cared for, socialized rats bond readily with their humans. Bonding begins 
with establishing trust by providing proper care and with hand taming and it 
continues with continued physical contact and attention. Rather than killing 
animals that are no longer useful for research, many laboratories have started 
releasing animals for adoption by personnel and by private homes. Di Gangi et 
al. (2006) surveyed 458 cats from the University of Florida College of Veterinary 
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years and found that 91 percent of the animals were still in their original 
adoption homes, and 80 percent were highly valued family members. It is quite 
rewarding to watch some of laboratory animals go to good homes after their 
hard work. With rats and mice, who comprise more than 90% of the animals 
used for research and testing, there would be many good candidates for 
adoption. These animals deserve to be in loving homes too. What is needed is 
for institutions to decide to devote some energy to it. An adjustment to life 
outside the laboratory can typically be done with ease by applying our proposed 
handling schedule assessment based on implementation of a neonatal handling 
procedure that mimics maternal behavior. 
The results revealed that a neonatal handling schedule based on imitating rat 
maternal behavioural patterns may have a positive effect on the rat’s behaviour 
and reaction during interaction. The schedule of the suggested handling 
procedures may seem to facilitate and play a crucial role in rats’ welfare and 
their life after the lab by adopting them as pets. However, further research is 
needed in order to assess how this positive effect may also affect rats’ stress in 
later stages (Squire and Dede 2015) and to study how this beneficial impact can 
also influence the behaviour of rats during adulthood (aged 2½ to 3½ months) 
and the role of the rat gender, through a series of behavioral tests. In this point of 
view, further research is needed to study whether neonatal handling based on 
imitating rat maternal behavioural patterns may also influence behavioral 
(Social Interaction test, Elevated-Plus Maze test, etc), endocrine (Hypothalamic-
Pituitary-Adrenal, Hypothalamic-Pituitary-Gonadal and Somatotropic Axes 
Activity, etc), and neural parameters (Neuropeptide Expression in the Amygdala 
and Hippocampus, etc) relating to emotional and stress responses in adult rats 
(Meijer et al. 2007). 
CONCLUSION
The handling is considered a part of the animal’s social environment and plays a 
crucial role in the animals’ behavior. Proper restraint and handling techniques 
are essential for reducing stress to laboratory animals and the handler. Animals 
become much easier to handle if they are trained and accustomed to handling 
(Rees and Fleming 2001). Although, the proper handling technique has not been 
standardized. Our study demonstrates the benefits of a standardized handling 
schedule assessment based on implementation of a neonatal handling procedure 
that mimics maternal behavior in the rats’ welfare and shows that this handling 
technique should be the key for continuing their life after the lab, by adopting 
them as pets.
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